To describe country-level stillbirth rates and their change over time in Latin America, and to measure the association of stillbirth rates with socio-economic and health coverage indicators in the region.
Introduction
Within Latin America, there are an estimated 91 000 stillbirths each year, with an estimated rate of 8.2 stillbirths per 1000 births (95% CI 7.5-9.2). 1 The overall estimated risk of stillbirth in Latin America is twice that of highincome settings. 2 Data capture of stillbirth figures has improved somewhat recently, with double the number of countries having information on stillbirth rates (SBR) in 2000-2010 as compared with 1990-2000. 1 Latin America is a region with some distinct local characteristics related to economy, society, and health care. Over the last decade, most economies in Latin America have displayed growth and economic stability. Two decades earlier, many Latin American countries began social sector reforms to alleviate poverty, provide financial risk protection, and improve health outcomes. In particular, reforms in the healthcare system focused on expansion of universal health coverage. However, wide socio-economic and health inequalities persist, and poverty still remains high. 3, 4 Today, Latin America is still recognised as the most unequal region in the world, and 24% of the population (142 million people) was shown to be living in poverty in 2013. 5 Children, adolescents, and women remain the most vulnerable population in the region. 6, 7 Taking into account Latin American characteristics, our article will focus on the description of such distinct characteristics -mainly those that could be associated with stillbirths such as health coverage and socio-economic characteristics; it will describe the frequency of stillbirths at country-level, their change over time, and will measure the association of stillbirth with socio-economic and health coverage indicators in the region.
Design and methods
This is an observational ecological study that reports stillbirth estimates for Latin America using aggregated data from pregnant women, with countries as units of analysis. We included data from all Spanish, Portuguese, and French-speaking countries in Latin America, given that these countries share similar socio-economic, cultural, and political characteristics, and have been independent administrations for the last two centuries. English-and Dutchspeaking Caribbean countries were not included, as they are very different from the included countries in terms of size, culture, and political administration. Many of them are overseas departments or dependents of high-income countries. Guyana and Surinam were also excluded, as they have become independent more recently but still have economic and political ties to English and Dutch Caribbean countries. We analysed data from all eligible countries in Latin America (n = 20).
For the purpose of this study, we used the country-level stillbirth estimates and average annual reduction rate (ARR) calculated by Blencowe et al. (see Appendix S1). 1 Pooled regional stillbirth rate (SBR), absolute number of stillbirths and ARR were calculated by the authors so that only selected countries were included. Stillbirth was defined as a baby born with no signs of life at 28 weeks of gestation or more. The source of the estimates varied according to the type and quality of data on stillbirths in each country. The data included for calculating the stillbirth estimations were classified a priori by Blencowe et al. into categories based on data type and quality. 1 Data classification systems classified as category 1 had high-quality, national routine information systems. National data systems in this category fulfil three characteristics. First, their Civil Registration and Vital Statistics systems (CRVS) were established before 2000 and have the ability to record highquality information about maternal and neonatal outcomes. Secondly, the ratio of the SBR (adjusted to 28-week definition) to national estimated neonatal mortality rate (NMR) was greater than 0.5 for all years. Thirdly, the country had a female child mortality capture of more than 85%, considered a marker of CRVS system strength for capture of child outcomes. Data systems classified as category 2 had lower quality national routine information systems that did not meet all of the above criteria. Category 3 data classification systems used nationally representative retrospective household surveys, and those in category 4 used subnational population-based data sources (prospective populationbased studies or health facility-based data) with minimum bias (covering >90% of births in the population). Finally, category 5 systems relied on subnational population-based data (e.g. other health facility-based data) with possible sources of bias. For countries with high-quality vital registration data, the country's own reported rates were adjusted when necessary to fit the definition of 28 or more weeks. For countries with lower quality vital registration, data for SBRs or nationally representative retrospective household surveys, SBRs were adjusted with a regression model.
Nationally representative socio-economic and healthcare coverage indicators were selected from a conceptual framework based on plausible covariates published in the literature, and its data availability for all Latin America countries. Many indicators are core issues of the Countdown to 2030 initiative, the WHO global movement to improve maternal, newborn, and child survival. 8 These core issues include contraceptive use and antenatal, delivery, postnatal, and child health care. These indicators are monitored and analysed by WHO to track country progress towards achieving the Millennium Development Goals (MDGs). We selected indicators of the Countdown to 2030 and their sources so that a standardised criterion and similar data quality were obtained for all Latin America countries. The sources of information for these indicators were UNDP data sets, Multiple Indicators Cluster Surveys (MICS) and Demographic and Health Survey Program (DHS) from UNICEF, and World Bank datasets, with data reported for 2006 to 2016 (Table S1) . 9 To describe legal termination of pregnancy status in Latin America countries, we reviewed the legislation of each country as well as government and NGO reproductive rights published reports (see Table S1 ). Information about the GINI index was not available for Cuba.
This study involved data that were publicly available. Stillbirth data-absolute numbers, rates, and ARR-were available in the Blencowe et al. main publication and appendices. 1 Data sets with socio-economic and health service coverage indicators were also publicly available. This study did not receive any specific funding.
Statistical analysis
We described country-level estimated SBRs, absolute numbers of stillbirths, and average ARRs over time for all Latin American countries from 2000 to 2015. Regional ARRs including the selected countries were calculated with the formula: (rate in the end line year/rate in baseline year, raised to the power of 1/end line year-baseline year, minus 1) per 100. Socio-economic and healthcare coverage indicators assessed in this study were reported with means and standard deviations or medians and ranges for variables with Gaussian distribution or non-Gaussian distribution, respectively.
To measure the correlation between SBR, and socioeconomic and healthcare coverage indicators, we calculated Spearman's rank correlation coefficients. Countries were the units of analysis. The statistical analyses were performed and graphs created using STATA software (14th version). Table 1 . There are two high-income countries (Chile and Uruguay) with 19 times the GDP of the poorest country in the region, and one low-income country (Haiti). The mean number of years of schooling for women is 8.1, with a range of 3.9 for Haiti, corresponding to an area of UNDP low human development, to 11.5 for Cuba, corresponding to an area of UNDP very high human development. 10 Fertility rates (number of live births per 1000 women between the ages of 15 and 44 years) vary from 1.6 children in Cuba to 3.2 children in Guatemala, with a median of 2.1 for the region.
Results

Characteristics of the Latin American region
In regard to healthcare coverage, 96.8% (range: 84.2-100.0%) and 88.7% (range: 57.2-97.8%) of pregnant women presented for at least one and at least four antenatal care visits, respectively. In all, 97.2% of all births were delivered in healthcare facilities (range: 35.9-99.9%). Regionally, the caesarean section rates were high (median: 31.3%; range: 5.5-58.1%). Contraceptive prevalence (any method for women aged 15-49) has a median of 73%, and varies among countries, with the following range: 34.5-80.4%.
The median maternal mortality ratio (MMR) per 100 000 live births reported for the region in 2015 was 67, and varied widely among countries. The highest ratios were observed in Haiti, Bolivia, and Nicaragua (359, 206, and 150 maternal deaths per 100 000 live births, respectively), where MMR is ten times higher than those Latin American countries with low MMR. The lowest MMRs were observed in Uruguay, Chile, and Costa Rica (15, 22 , and 25 maternal deaths per 100 000 live births, respectively). The median NMR (per 1000 live births) for the region was 7.7 in 2015. The intercountry variation in NMRs and the proportion of low birthweight followed similar patterns, with the lowest frequency in Cuba (2.3 neonatal deaths per 1000 live births and 5.2% of low birthweight) and Chile (5.9 neonatal deaths per 1000 live births and 4.9% of low birthweight); We gathered updated data concerning the legal status of termination of pregnancy in Latin America. Legal termination of pregnancy is completely banned under any circumstances in El Salvador, Honduras, Nicaragua, and Dominican Republic. Likewise, it was banned in Chile until July 2017, when Congress passed a law that contemplates pregnancy termination under three circumstances: when continuing the pregnancy threatens the mother's life, due to severe congenital malformations, and in cases of rape. In 14 of 19 countries, legal termination of pregnancy is permitted in case of rape and in situations where pregnancy threatens the mother's life, but it is legally prohibited for termination of pregnancies with congenital disorders. There are three countries in the region where termination of pregnancy is legal under any circumstances before 14 weeks of gestational age (Cuba, Uruguay, and Colombia), and two that present specific restrictions: Mexico, where termination of pregnancy is only legal in Mexico City, and Brazil, where it is only legal for pregnancies with a confirmed diagnosis of severe malformation (not compatible with extrauterine life).
Country-level stillbirth rates and their change over time Table 2 reports estimated stillbirth, maternal, and neonatal mortality rates at 28 weeks or more for 2015, and ARR between 2000 and 2015 for 20 Latin American countries. Of the 20 countries analysed, five presented the highest category (category 1) of an a priori determined 5-category SBR type/quality data classification system. The estimates in four countries (Argentina, Chile, Costa Rica, and Cuba) were based on country data and adjusted to fulfil the stillbirth definition of 28 gestational weeks. Although the vital statistics of the fifth country, Uruguay, are of high quality overall, stillbirth reporting is not disaggregated by gestational age. Consequently, Uruguay stillbirth estimates were modelled rather than adjusted by gestational age. The estimates of the other countries, with the exception of Haiti, were based on vital registration country data with lower quality or nationally representative retrospective household surveys data (categories 2 and 3 of the SBRs type/quality data classification system). For these countries, estimates were based on country data but were adjusted using the regression model described in Appendix S1. Haiti did not present useable data; therefore, a prediction model was applied to obtain the SBR estimates. For the majority of countries, SBR estimates were based on the countries' own data (national routine data or nationally representative surveys) but required adjustment due to variability in the gestational age definition of stillbirths or data quality.
It was estimated that 89 248 stillbirths occurred in the selected countries of Latin America for 2015. The estimated SBR for the region was 8.1 per 1000 births (95% CI 7.5-9.2), but the regional rate obscures a wide variation among countries. The highest SBR was estimated for Haiti (24.9 per 1000 births), and the lowest for Chile (with a 3.1 stillbirth rate). Only two countries presented rates <5 (Chile and Argentina); 11 countries presented rates between 5 and 10 (Peru, Brazil, Colombia, Ecuador, Nicaragua, Mexico, Venezuela, Costa Rica, Uruguay, Cuba, and Panama); and seven had rates higher than 10 stillbirths per every 1000 births (Haiti, Paraguay, Bolivia, Honduras, El Salvador, and Dominican Republic) ( Table 2 ).
An average ARR of 2.1% (range: 0.1-3.8%) was reported for the selected countries between 2000 and 2015. Cuba presented the highest ARR (3.8), followed by Argentina (3.1) and Peru (2.8). For the majority of Latin America countries (n = 14), ARR ranged between 1.5 and 2.5%. The countries with the lowest ARR were Costa Rica (0.1), Haiti (0.9), and Dominican Republic (1.2) ( Table 2) .
When comparing the mortality rates among the countries of the region, it is observed that those with higher burden of stillbirths also present a higher risk of maternal and neonatal mortality. Table 3 shows correlations between stillbirth rates and selected socio-economic and health coverage indicators in the same 20 Latin American countries. A negative and strong correlation between stillbirths and women's mean years of schooling (rS = À0.7910), as well as stillbirths and GDP per capita (rS = À0.8226), was observed ( Figure 1) . Two other socio-economic indicators showed a moderate correlation with stillbirth rates: fertility rate (rS = 0.6055) and the proportion of urban population (rS = À0.6316). There was no correlation between SBRs and the GINI index (rS = 0.312).
Indicators associated with stillbirth rate
Regarding health coverage indicators, the proportion of deliveries performed in health facilities was negative and moderately correlated with stillbirth rate (rS = À0.6454). There was no correlation between stillbirth rates and the proportion of women with at least one antenatal care visit (rS = À0.3567) and at least four antenatal care visits (rS = À0.1105).
Discussion
Main findings
The estimated stillbirth rate for Latin America for 2015 was 8.1 per 1000 births, with a wide variation among countries. An eight-fold difference was observed between the countries with the highest SBRs and the one with the lowest SBR. The average annual reduction rate for the region was 2%. Each country showed a reduction in SBR over time, and low variability was observed. When we evaluated the association of SBRs and socio-economic and coverage indicators, gross domestic product per capita and women's schooling showed the strongest association, followed by the proportion of urban population, fertility rate, and deliveries at health facilities.
Strengths and limitations
This study has the limitations associated with ecological analyses: inferences at the individual level should not be made in order to avoid the ecological fallacy. Still, our findings for Latin America countries are consistent with individual-level population-based studies carried out in low-and middle-income countries. [11] [12] [13] Another limitation is related to quality data used for stillbirth estimates. Given that most stillbirths occur in countries without adequate vital registration, 2 there is huge variation in data availability, which might have an impact on the quality of stillbirth estimates.
1 SBRs based on national vital registration would be the best source of information for studying stillbirth frequency and trend; however, this is not yet possible for our region, due to the lack of systematic reporting of stillbirths. Today, stillbirth estimations-although the calculations could contain statistical errors and affect the accuracy of the measurements-are still the most appropriate method for comparing intercountry rates in Latin America. We used correlation to denote the association between two quantitative variables, but theoretical models suggest that more than one independent variable may be associated with SBR. Multiple regression should be applied to adjust the association by potential confounders and to better Rate in the endline year/rate in baseline year, raised to the power of 1/endline year-baseline year, minus 9 100. The source of estimates for Argentina, Chile, Costa Rica, and Cuba was national data adjusted to the 28-week definition of stillbirth. For the rest of the countries, the estimates were modelled due to lower quality data or lack of availability of gestational age definition of stillbirth. explain associated factors. Finally, although data on the proportion of non-macerated stillbirths are relevant for targeted prevention strategies, no country-specific data are available.
The main strength of this study is that the ecological design analysis is the most appropriate research design to assess the correlation of stillbirth with the indicators analysed at the aggregate level.
14,15
Interpretation
The estimated SBR in Latin America was lower than the worldwide estimate of 18.4 per 1000 births, but double the rate in high-income settings of 3.4. High-income countries in Latin America have a stillbirth estimate similar to developed regions (3.7 versus 3.4, respectively). In addition, stillbirth estimates for Haiti-the only country in Latin America classified as low income by the World Bank-are similar to those of the sub-Saharan Africa region (24.9 versus 28.7, respectively). In contrast, the pooled stillbirth rate for middle-income countries in Latin America is lower (7.8 per 1000 births) than those reported for other regions of the world with a high percentage of middle-income countries (12.2 in the South-eastern Asia Region and 14.5 in North Africa and Middle East). 1 Latin America showed high levels of intercountry variation within its countries, similar to Southern and SouthEastern Asia. 1 All the other regions of the world showed less variability within their countries. 1 In regard to change in SBR over time, Latin America showed an annual rate of reduction similar to the worldwide estimate (2.1 and 2.0%, respectively). As all regions of the world showed a decrease in their rates, 1 factors at a global macro-level (for example, advance of scientific knowledge) might be influencing the SBR trend more than specific factors applied in each region.
Countries with high SBRs in Latin America presented high neonatal mortality rates, too. However, comparisons between stillbirth and neonatal mortality rates should be interpreted with an eye to intercountry variation in data quality (i.e. under-reporting of fetal deaths and neonatal deaths misclassified as stillbirth due to diverse quality of resuscitation procedures). 16, 17 We reviewed whether the estimations described in our study were consistent with previously published stillbirth 19, 20 Because sampling and stillbirth definition of these studies differ from ours, we could not assess their consistency with our estimated stillbirth rate for Latin America. 19, 20 In regard to stillbirth trend over time, previous publications from Latin American countries have also described rate reductions over time. 11, 21 Consistent with other published results, we found associations between SBRs and maternal education, gross domestic income, fertility rate, urban/rural populations, and the proportion of hospital-based deliveries. 1, 11, 12, [22] [23] [24] Unexpectedly, we did not find an association with antenatal care indicators. This may be because antenatal care (measured as 'at least one visit' or 'four visits') could be an insufficient intervention for women with highrisk pregnancies who are more likely to have a stillbirth. This result could also be influenced by poor quality of antenatal care.
This analysis was limited to those factors with data reported for most countries, and with low data quality variability. We attempted to measure the association of SBRs and maternal syphilis prevalence. 15 However, as reported syphilis prevalence is closely related to access to the screening test, 25 the obtained results did not seem to be plausible. We also tried to collect data on the country-level prevalence of congenital anomalies, to explore its relation to SBR, but data were only reported for nine countries in Latin America. 26, 27 Other important maternal factors that have not been measured and could influence the rate of stillbirth are chronic and infectious diseases, pre-eclampsia/ eclampsia, diabetes, toxoplasmosis, maternal cigarette smoking, and obesity.
Conclusion
SBR vary widely in the region, and are declining at a rate similar to that observed worldwide. The factors that are associated with stillbirth rates in Latin America are predominantly socio-economic and are related to access to hospital-based deliveries.
Improvements in the systematic reporting of stillbirth indicators are needed to monitor the magnitude, variability, trends, and causes of stillbirth in the region. Systematic reporting of stillbirth in routine information systems and the implementation of the WHO guidelines for perinatal mortality audit and classification in the region could contribute to bringing stillbirth out of the shadows, and putting it on the agenda of global health programmes and policy priorities. Given the stillbirth, infant, and maternal mortality rates in Latin American countries, improvement of prenatal care-through high-quality antenatal and intrapartum care-would represent a quadruple return on investment, preventing stillbirths, maternal, and neonatal deaths, as presented in the Lancet Ending Preventable Stillbirth Series. 28 The scarce number of publications in our region suggests that investment in stillbirth research is needed, and leadership would also be required to reverse the invisibility of stillbirths. More specifically, to better explain this phenomenon in Latin American countries, further research is needed into the association of SBRs with the newly recommended eight-visit antenatal care, with the burden of chronic and infectious diseases, with the prevalence of congenital malformation, and with the legal status of termination of pregnancies, as well as factors associated to SBR trends.
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